ABSTRACT: Advances in mineral nutrition of goats have been made during the last decade, especially in our understanding of Ca and P requirements. However, few studies have focused on the mineral requirements of crossbred Boer goats in their growth phase. Our objective for this study was to determine the macromineral (Ca, P, Mg, K, and Na) requirements for the maintenance and growth of intact, male threefourths Boer × one-fourth Saanen kids (n = 34; 20.5 ± 0.24 kg of initial BW). Two trials were conducted: 1 for maintenance and 1 for growth requirements. In the maintenance trial, 28 kids were used. The baseline (BL) group consisted of 7 randomly selected kids averaging 21.2 ± 0.36 kg BW and 122 d old. The remaining kids (n = 21; age 168 ± 5 d) were randomly allocated into 7 slaughter groups (blocks) including 3 animals distributed among 3 amounts of DMI (treatments: ad libitum and restricted to 70 or 40% of ad libitum intake). Animals in a group were slaughtered when the ad libitum-treatment kid in the block reached 35 kg BW. The BL and ad libitum-fed groups in the maintenance trial were also part of the growth trial. Therefore, in the growth trial, 20 kids fed for ad libitum intake were used as follows: 7 kids slaughtered at 21.2 ± 0.36 kg BW (BL), 6 kids slaughtered at 28.2 ± 0.39 kg BW (intermediate slaughter), and 7 kids slaughtered at 35.6 ± 0.36 kg BW. Empty whole bodies of the kids (head + feet, hide, internal organs + blood, and carcass) were weighed, ground, mixed, and subsampled for chemical analyses. Daily maintenance requirements, calculated using the comparative slaughter technique (P < 0.001), were estimated as 32.3 ± 1.1 mg Ca, 30.8 ± 1.2 mg P, 1.31 ± 0.5 mg Mg, 8.41 ± 3.0 mg K, and 5.14 ± 1.0 mg Na/kg of empty BW (EBW). Net requirements for growth increased from 6.2 to 6.6 g Ca, 5.3 to 5.4 g P, and 0.29 to 0.30 g Mg and decreased from 1.20 to 1.07 g K and 0.65 to 0.59 g Na/kg of EBW gain for kids from 20 to 35 kg BW. This study indicated that the net mineral requirements for Boer crossbred goat kids may be different from those of purebred or other genotypes, and more data are needed for goats in general.
INTRODUCTION
Recent macromineral requirement recommendations for goats have been reported in the NRC (2007) manual, which were based on reviews by Haenlein (1992) and Meschy (2000) and on the Agricultural and Food Research Council (AFRC) (AFRC, 1997) . However, these recommendations were based on responsedose trials, mostly using data from sheep and cattle. Consequently, the requirements for goats may not be accurate. When revising the guidelines for mineral requirements of the NRC (2007), Solaiman (2007) noted that relatively few original scientifi c studies on the mineral nutrition and metabolism of goats could be used in establishing the guidelines for this species, the proposed requirements are generalizations, and their application to specifi c breeds and conditions may vary.
The Boer breed of goats is specialized for meat production and was developed in the 1920s by South African farmers (Malan, 2000) . The Boer breed has been used in crossbreeding programs to improve meat quality and BW of dairy goats. The breed or genotype of an animal affects its energy or protein requirements (Sahlu et al., 2004; NRC, 2007) , and therefore, it is ex-pected that mineral requirements will also be affected. In this regard, few studies (Teixeira, 2004) have previously addressed the mineral requirements of Boer goats and their crossbreeds, and none has focused on the mineral maintenance requirements during their growth phase. Therefore, our objective for this study was to determine the macromineral (Ca, P, Mg, K, and Na) requirements for the maintenance and growth of Boer crossbred male kids.
MATERIALS AND METHODS
Humane animal care and handling procedures were followed, according to the university's animal care committee named Committee on the Ethical and Animal welfare (Comissão de Ética e Bem Estar Animal of the Faculty of Agricultural and Veterinarian Sciences -Universidade Estadual Paulista at Jaboticabal campus under protocol number 006181-06).
General Procedures
This study was conducted at the Goat Center at UNESP (Sao Paulo State University), located in Jaboticabal, São Paulo state, Brazil, between the coordinates 21º14′05″ S and 48º17′09″ W. The temperature and relative humidity were measured daily using a maximum and minimum thermometer. The average maximum and minimum temperature during the experimental period were 29.5 and 20.9°C, respectively. The average maximum and minimum relative humidity during the experimental period were 92.6 and 51.7%, respectively.
Intact, male three-fourths Boer × one-fourth Saanen kids (n = 34) were used in 2 trials, the fi rst of which was designed to determine macromineral requirements for maintenance and the second to determine requirements for growth. The animals used in both trials were dehorned when they were 15 d old. After weaning at approximately 60 d of age, all kids began receiving the experimental diet (Fernandes et al., 2007) for ad libitum intake until the beginning of the trials (20.5 ± 0.24 kg initial BW). The experimental diet was formulated to meet energy, protein, and mineral requirements according to AFRC (1998) recommendations.
In both trials, the experimental diet (Table 1) consisted of dehydrated corn (Zea mays) plants, cracked corn grain, soybean (Glycine max) meal, molasses, soybean oil, limestone, and a mineral supplement and was fed as a total mixed diet. The dehydrated corn plants consisted of whole corn plants (60 to 70% moisture) chopped when the kernel milk line was approximately two-thirds of the way down the kernel. The chopped material was air dried for approximately 72 h or until it reached 8 to 10% moisture, and the dried chopped material was then ground to pass through a 4-mm screen (Wiley-type mill). During the trials, animals were fed once daily (0800 h) in individual pens protected from rain and wind with free access to water.
The feed ingredients were dried at 60 to 65°C for 72 h and ground through a 1-mm screen using a Wiley mill (Arthur H. Thomas Co., Philadelphia, PA). They were analyzed to determine the content of fat (based on weight loss of the dry sample upon extraction with petroleum ether in a Soxhlet extraction apparatus for 6 h; AOAC, 1990, method number 930.15) , protein (N analysis performed via Dumas combustion using LECO FP-528LC, LECO Corp., St. Joseph, MI; Etheridge et al., 1998) , ash (complete combustion in a muffl e furnace at 600°C for 6 h; AOAC, 1990, method number 924.05), NDF with amylase and without sulfi te (Van Soest et al., 1991) , ADF (Goering and Van Soest, 1970) , and GE using a bomb calorimeter (Parr Instrument Co., Moline, IL).
Analysis for the determination of minerals in the feed ingredients and feed refusals was conducted as follow. Samples were dried at 105°C overnight, weighed, and ashed in a muffl e furnace at 600°C for 3 h, and the weight of the ash was then recorded. Subsequently, the ash was solubilized in HCl (Galyean, 2010) . Calcium and Mg were determined by adding up lanthanum, and the readings were performed through atomic absorp- tion spectrometry. For Na and K, the readings were performed through fl ame emission spectrometry. Phosphorus was determined colorimetrically (Harris and Popat, 1954) by reducing the vanadate-molybdate complex.
Maintenance Requirements (Trial 1)
Maintenance requirements were calculated using the comparative slaughter technique (CST; Lofgreen and Garrett, 1968) and through regression of excreted minerals on mineral intake [minimum endogenous losses (MEL) method] as described below.
Comparative Slaughter Technique. Initial empty body composition was estimated from the average composition of the initial slaughter group, called the baseline (BL) group, which was composed of 7 randomly selected kids averaging 21.2 ± 0.36 kg BW and 122 d old.
A regression equation was developed from BL animals to determine the initial empty BW (EBW; kg) from the shrunk BW [SBW; kg; Eq. [1]; R 2 = 0.82, root mean square error = 0.34]. The initial empty body water, ash, and minerals were estimated from the initial EBW and the average body composition of BL animals (Fernandes et al., 2007) :
On d 0, 21 kids were randomly allocated to 3 amounts of DMI: ad libitum and intake of 40 or 70% of ad libitum intake. Kids were pair fed in 7 slaughter groups (considered as blocks). A slaughter group consisted of 1 kid from each treatment and was slaughtered when the ad libitum treatment kid reached 35 kg BW. The 40 and 70% of ad libitum intake amounts were determined daily based on DMI of the kids in the ad libitum-treatment group on the previous day.
Body weights were measured immediately before feed and water were withdrawn for 16 h. The SBW was measured immediately before slaughter and after feed and water were withdrawn for 16 h. At the time of slaughter, kids were stunned with an electric shock and killed by exsanguination using conventional humane procedures. Their blood was weighed and sampled. The digestive tract was weighed before and after emptying and fl ushing with water to determine the EBW, which was calculated as the SBW at slaughter minus digestive tract contents.
The empty whole body was initially frozen at -6°C and then cut into small pieces, ground with a large screw grinder through a plate with 0.32-cm holes, and mixed via 2 additional passes through the grinder. After grinding and homogenization, the samples were collected, frozen again, and freeze dried for DM determination. These samples, of approximately 30 g, were analyzed for fat, protein, and ash as described previously in the general procedures.
Because the sum of the fat, protein, water, and ash contents of the empty body did not sum to the observed EBW (105.6 ± 4.4%), the components were proportionally scaled to match the observed EBW.
A linear regression of the retained minerals (Ca, P, Mg, K, and Na; g/kg EBW) on mineral intake (g/kg EBW) was used to calculate the net mineral requirements for maintenance (Lofgreen and Garrett, 1968) . The intercept of the regression was taken as the endogenous and metabolic losses of the minerals, which is assumed to represent the net mineral maintenance requirements.
Minimum Endogenous Losses. As described in Fernandes et al. (2007), a digestibility trial with a randomized block design was conducted in parallel with the comparative slaughter trial using 15 kids (same animals as the CST) at 3 intakes (ad libitum and intake of 40% or 70% of ad libitum intake) to determine mineral absorption. These animals were housed in individual metabolic cages. Their feed intake and feed refusals were recorded, and their feces and urine were collected for 5 d after a 5-d adaptation period to each amount of intake. The collected urine was acidifi ed daily with 20 mL of 6 M HCl. The offered feed and feed refusals were sampled daily, and samples were stored at -20°C. Feces and urine were weighed daily, and a 10% total output was sampled and stored at -20°C. Composites of the feed, feed refusals, and feces were dried at 60 to 65°C for 72 h and ground through a 1-mm screen using a Wiley mill. Composites of urine were subsampled for N and mineral determination as described earlier. A linear regression of the minerals excreted daily (Ca, P, Mg, K, and Na in urine + feces; g/ kg BW) on daily mineral intake (g/kg BW) was used to calculate net mineral requirements for maintenance. The intercept of the regression was taken as the endogenous and metabolic losses of minerals, which is assumed to represent net mineral maintenance requirements.
Statistical Analysis. Data obtained from the maintenance trial were analyzed as a randomized block design using a mixed model with the fi xed effects of amounts of intake (df = 2), random effect of slaughter groups (df = 6 for CST and df = 4 for MEL), and random residual error using PROC MIXED (SAS Inst. Inc., Cary, NC). When signifi cant, means across amounts of intake were compared using Fisher's protected LSD (i.e., the DIFF option of the LSMEANS statement). Regressions analyses were performed with PROC MIXED using the REML convergence method. Residuals were plotted against the predicted values to check the model assumptions regarding the homoscedasticity, independence, and normality of the errors. A data point was deemed to be an outlier and removed from the database if the Studentized residual was outside the ±2.5 range values. For the digestibility trial, 1 data point for the variables K fecal, K urinary, Ca intake, P intake, and P fecal and 2 data points for the variables K intake and K retention were removed. For the development of net maintenance requirement equations using CST, 1 data point for the variable Ca retention and intake were removed.
Requirements for Growth (Trial 2)
The net mineral requirements for growth were calculated using 20 kids fed for ad libitum intake: 7 kids slaughtered at 21.2 ± 0.36 kg BW (BL), 6 kids slaughtered at 28.2 ± 0.39 kg BW (intermediate slaughter), and 7 kids slaughtered at 35.6 ± 0.36 kg BW. The slaughter procedures and laboratory analyses were similar to those previously described.
The logarithms of allometric equations [Eq. 2] were calculated to predict water, ash, and mineral (g) concentration from the EBW (kg) (ARC, 1980):
in which the minerals were the Ca, P, Mg, K, or Na amounts in the EBW.
Equation 
in which mineral is the nutrient concentration per unit of empty BW gain (EWG) in g/kg EWG (EBW is in kilograms) and a and b are parameters determined from a linear regression [Eq. 2].
Statistical Analysis. Data obtained from the growth trial were analyzed as a completely randomized design and linear regressions analyses using PROC REG of SAS. Residuals were plotted against the predicted values to check the model assumptions regarding the homoscedasticity, independence, and normality of the errors. A data point was deemed to be an outlier and removed from the database if and only if the Studentized residual was outside the ±2.5 range values. No data were removed.
RESULTS
Intake infl uenced body composition (% EBW) of the animals ( Table 2 ). The fat content (% EBW) for ad libitum and 70% feed-intake animals was greater than that of the 40% feed-intake animals. Water, protein, and ash of the empty body were greater for animals in the 40% feedintake group than those in the ad libitum group but did not differ from animals in the 70% feed-intake group. The Mg content of the empty body was greater for animals in the 40% feed-intake group compared with those in the ad libitum and 70% feed-intake groups. The mineral content on a fat-free DM basis was not affected by intake (P > 0.05) except for Mg (P = 0.01), which was greater for animals in the 40% than those in the 70% feed-intake group but not different from animals in the ad libitum group.
Digestibility Trial
The values of the apparent absorption coeffi cients and those indicating the retention of Ca, P, Mg, K, and Na for the 3 amounts of intake are presented in Table 3 . Intake infl uenced (P < 0.05) mineral apparent absorption coeffi cients. The Ca apparent absorption coeffi cient was greater (P < 0.05) for animals in the ad libitum group than those subjected to feed restriction (70 and 40% feed-intake groups) whereas the opposite was observed in rela- a,b,c Within a row, means without a common superscript letter differ (P < 0.05) 1 SBW = shrunk BW; EBW = empty BW; EWG = empty BW gain. 2 Ad libitum (AL) and restricted to 70% or 40% of the ad libitum intake. Animals in each group were slaughtered when the kid in the ad libitum treatment reached 35 kg. Values for IM and BL are for reference only; they were not used in the statistical regressions.
3 Fernandes et al. (2007). tion to the K and Na apparent absorption coeffi cients (P < 0.05). The Mg apparent absorption coeffi cient was greater (P < 0.05) for animals fed for ad libitum intake compared with those in the 70% feed-intake group but did not differ from animals in the 40% feed-intake group. The P apparent absorption coeffi cient was greater (P < 0.05) for animals in the 40% feed-intake group compared with those in the 70% feed-intake and ad libitum groups. Mineral retention of Ca and P were greater (P < 0.05) in animals fed for ad libitum intake compared with those fed the 70 and 40% amounts. The Mg and Na mineral retention were greater (P < 0.05) in animals fed for ad libitum intake compared with those fed for 40% feed, but they did not differ from animals fed for 70% intake. The K mineral retention was greater (P < 0.05) in animals in the ad libitum and 70% feed-intake groups level compared with those in the 40% feed-intake group. We did not observe negative balances (i.e., retention value <0 for any of the minerals; Table 3 ).
Requirements for Maintenance
The macromineral requirements for maintenance were estimated using the CST and MEL approaches (Table 4) . In general, net macromineral requirements for maintenance estimated with MEL were greater than those estimated with CST, except for Ca requirement for maintenance.
Requirements for Growth
The logarithmic allometric equations (Table 5) used to calculate the relationships between macromineral quantities and EBW were signifi cant (P < 0.001) and provided a good data fi t (R 2 between 0.80 and 0.95). The relative proportion of Ca, P, Mg, K, and Na at 20, 27, and 35 kg of BW are also presented in Table 6 . The proportions of Ca, P, and Mg slightly increased, and the proportions of K and Na decreased as BW increased.
Equations to predict the composition of the EWG in Boer crossbred kids weighing from 20 to 35 kg are shown in Table 6 . The deposition of minerals in EWG followed the same concentration pattern as in EBW (Table 5), with increases of approximately 6% for Ca, 1.5% for P, and 3% for Mg and decreases of 9% for Na and 11% for K as EBW increased from 20 to 35 kg.
DISCUSSION
The major contribution of this study is the estimation of net mineral requirements for maintenance in growing crossbred Boer goat kids. The greatest challenge may lie in the method used for this estimation. Net mineral requirements for maintenance for ruminants can be estimated by various methods including endogenous losses (in metabolism trials), comparative slaughter, and radioisotopes. The results in the literature indicated that the radioisotope method is the most accurate, but this method requires specialized laboratories and equipment in addition to being associated with high costs (Queiroz et al., 2000) and environmental contamination risks.
In our study, both methods (CST and MEL) should have conceptually indicated the same quantity. However, unlike other nutrients, mineral metabolism takes into account the homeostatic regulation that tends to buffer marginally defi cient or excessive intake by changing the effi ciency of absorption and excretion (Underwood and Suttle, 1999) . Net Ca requirements for maintenance estimated with CST were greater than those estimated with MEL. This may due to the greater impact of the intake of Ca on its excretion than on its body retention, causing greater slopes and smaller intercepts of the MEL regression equation. In the metabolism trial, it was found that fecal excretion of Ca was responsible for approximately 100% of its total excretion, corroborating the fi ndings of Underwood and Suttle (1999) , who reported that feces are the main route of excretion for Ca, consisting of Ca from unabsorbed dietary Ca and endogenous secretions from the intestinal mucosa. In turn, urinary excretion is minimal due to the effi ciency of the renal reabsorption of Ca. However, we observed that the apparent absorption of Ca was greater for animals with greater amounts of intake. Considering that the body absorbs Ca according to its need (ARC, 1980; Underwood and Suttle, 1999) , when Ca intake increased due to increased DMI, there was also an increase in the ADG of the animals, causing an increase of Ca requirements and a proportional decrease of fecal excretion. This contrasts with NRC (2007), which suggests a general apparent absorption coeffi cient of 0.40, regardless of consumption, which is approximately 57% less than that of the ad libitum condition of this study (0.69).
Using radioisotopic methodology, Dorigan (2000) estimated the net Ca requirement for maintenance as 11.7 mg Ca/(kg BW•d) in Saanen goats whereas Sousa et al. (1998a) estimated a value of 14.6 mg Ca/(kg BW•d) based on endogenous losses for Alpine goats with an average BW of 20 kg. The value estimated in this work with the CST method was almost 100% greater than these values whereas the value estimated with the MEL method was close to them. These differences may be the result of methodological premises. The extrapolation from observed losses over a range of intakes implies that endogenous fecal losses must be estimated in animals fed defi cient diets so that absorption is maximized, as is reabsorption of endogenous secretion, because the absorption of Ca is under homeostatic control, mediated Table 4 . Regression equations to estimate the net maintenance requirements of macrominerals of intact, male threefourths Boer × one-fourth Saanen kids using the comparative slaughter technique (CST) and minimum endogenous losses (MEL)
Mineral
Equations 1 1 Ret. = retained, g/kg empty BW (EBW); Int. = intake, g/kg EBW; (f+u) = total mineral losses in feces and urine, mg/g BW. For CST, n = 21 (n = 7/amountof intake). For MEL, n = 15 (n = 5/amount of intake).
2 req. = .requirement. ,25-dihydroxycholecalciferol (CSIRO, 2007) . In this experiment, kids submitted to feed restriction could enhance their Ca mobilization and reabsorption, leading to a lesser Ca endogenous excretion and a net requirement estimative.
The values for the net P requirements for maintenance obtained in this study [26.2 and 31.6 mg/(kg BW•d)] were greater than those reported in other studies. In goats, studies using radioisotopes have estimated the net requirements for the maintenance of P to be 10.36 mg P/(kg BW•d) for Alpine goats (Bueno and Vitti, 1999 ) and 6.8 mg/(kg BW•d) for Saanen kids (Carvalho et al., 2003) . Using the MEL method, Queiroz et al. (2000) estimated a value of 13.7 mg P/(kg BW•d) for Alpine kids averaging 20 kg BW. These differences may have been due to the greater consumption of P in this experiment compared with the others, which was 128% greater on average. Because metabolic fecal excretion is infl uenced by intake (Carvalho et al., 2003) , the greater consumption of P in this experiment probably caused a greater P endogenous losses. Carvalho et al. (2003) observed that endogenous fecal P excretion increased from 11.2 to 34.11 g/(kg BW•d) when the P intake increased from 20.8 to 132.3 g/(kg BW•d). This variation in endogenous fecal P excretion is derived mainly from the salivary glands, which represent an important route for P homeostatic control (Annekov, 1982) .
The NRC (2007) recommends 1.6 g/d of Ca and 1.2 g/d of P for growing Boer animals of 30 kg BW for maintenance based on data for sheep. The requirements for dietary Ca and P (when mineral retention = 0) for maintenance were estimated to 156 and 95 mg/kg EBW (equations from comparative slaughter technique), respectively, which is equivalent to an intake of 4.68 g/d of Ca and 2.85 g/d P for maintenance for a 30-kg Boer goat. The maintenance requirement of Ca recommended by NRC (2007) is based on sheep data, indicating that more studies with goats should be performed. In relation to P, it is possible that the animals in this experiment had less P recycling through saliva than those used to establish the NRC (2007) requirements, and this resulted in a greater requirement in this study compared with the NRC (2007) recommendation.
The Mg requirements for maintenance estimated with CST were less than those estimated with MEL. Both values were different from the general value suggested by AFRC (1998), Meschy (2000) , and NRC (2007) of 3.5 mg of Mg/kg of BW from studies in cattle and goats. According to the NRC (2007), goats have a marginal ability to compensate for a low intake of Mg by reducing the rate of its excretion. Magnesium is excreted in feces, milk, and urine, with the last of these representing an important route for the excretion of Mg after its absorption (Underwood and Suttle, 1999) . The average apparent absorption coeffi cient of Mg found in this study (65.4%) was greater than that suggested by the NRC (2007) based on studies performed by Kessler (1991) , who reported a Mg absorption value of 20%. However, it was less than that reported by Alcalde et al. (1999) of 73.9% for goats fed a diet containing 0.2% Mg, which is a value close to the Mg concentration in the diet used in this study.
The net requirements for maintenance of K and Na calculated with CST were less than those calculated with MEL, and both differed from previous estimates (AFRC, 1998; Meschy, 2000; NRC, 2007) . In a review addressing the mineral requirements for goats, Meschy (2000) has recommended 50 mg K/kg BW and 15 mg Na/kg BW from studies in sheep. Using data from cattle and sheep, the AFRC (1998) recommended values for endogenous losses of 20 mg of K and 8 mg of Na/kg BW, which would overestimate the requirements of the animals in this study, as calculated with the CST method. In addition to urine and feces, K and Na losses can also occur through the skin via perspiration, especially in regions with a hot and humid climate. According to the AFRC (1998), metabolism of Na, K, and Cl is closely interrelated, and large amounts of K intake also may affect Mg metabolism and absorption. Due to the large volumes of saliva (rich in K) that are continuously secreted by ruminants, a signifi cant amount of K in the rumen is derived from saliva, so the actual absorption of K is approximately 95%. In this study, the apparent absorption of K ranged from 76.5 to 88.8%, but this was slightly less than the percentage suggested by the NRC (2007) of 90%.
Endogenous losses are constituted by the sum of endogenous fecal and urinary fractions. It is convenient to cautiously consider this estimative especially for minerals because endogenous losses represent not only the net requirements for maintenance but may include an excretory component that allows the organism to eliminate minerals absorbed in excess (Meschy, 2000) , explaining the greater estimates of Mg, K, and Na calculated with the MEL method. As BW increased, an increase was observed in the concentrations of Ca and P, which are mostly present in the bones, indicating that these goats still showed slight bone tissue deposition regardless of the occurrence of more pronounced fat deposition. This fi nding is in accord with the expected late maturity and mature weight of this genetic group because we estimate that these animals had reached approximately 30% of their mature weight, which is in the asymptotic portion of the growth curve. Araújo et al. (2010) also observed an increase in Ca and P concentrations in male Moxotó kids weighing 15 to 25 kg under semiarid conditions. However, these authors attributed this to the high bone:meat ratio of dairy goats, such as Moxotó goats. By contrast, other studies using different a dairy goat breed and crossbred goats, including Saanen (Ferreira, 2003) , Alpine (Sousa et al., 1998b) , and F 1 Boer × Saanen (Teixeira, 2004) , showed a decrease in Ca and P concentrations in animals weighting from 15 to 35 kg.
Even though they showed slight increases, on average the concentrations of Ca, P, and Mg were 5.87, 5.28, and 0.28 g/kg EBW, respectively, this is less than the values reported in other studies on goats, which ranged from 8 to 15 g Ca, 6.0 to 10 g P, and 0.41 to 0.97 g Mg/kg of EBW (Sousa et al. 1998b; Ferreira, 2003; Teixeira, 2004) . The differences among studies may refl ect a smaller proportion of bone in the animals in this study, which were a greater percentage of Boer breeding than goats used in the other studies.
The deposition of minerals in the EWG (Table 6 ), which represents the net requirements for growth, followed the same pattern observed for body composition (Table 5) , increasing slightly by approximately 6, 1.5, and 3% for Ca, P, and Mg, respectively, and decreasing by 10% for Na and K when the BW increased from 20 to 35 kg. The NRC (2007) adopted constant values for gain composition of 11 g for Ca, 6.5 g for P, 0.4 g for Mg, 1.6 g for Na, and 2.4 g for K, which are greater than the values found in this study.
The Na and K composition of gain exhibit the greatest variability (ranging from 0.043 to 1.61 g of Na/kg EWG and from 0.074 to 2.0 g of K/kg EWG in kids weighting from 5 to 35 kg) among studies (Ferreira, 2003; Teixeira, 2004; Araújo et al., 2010; Gomes et al., 2011) including ours. Because the metabolism of Na and K is interrelated and both are lost through perspiration, variations in their requirements might be dependent on the ability to sweat and on the environmental conditions in which animals are raised (Underwood and Suttle, 1999) . Therefore, this variability in the net Na and K requirements among studies could be a consequence of environmental conditions that favor or oppose water and mineral losses via perspiration in animals.
Due to the small amounts of minerals in the body and strong homeostatic control, mineral metabolism generally exhibits considerable variability between animals, which often creates diffi culties in determining mineral requirements, particularly for maintenance. Moreover, we observed that DM intake infl uenced the excretion of minerals and may have been a factor responsible for the differences found in this study. Another important consideration is related to methodological differences between experiments related to the calculation of requirements and the likelihood that this leads to different results.
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